The heat shock protein 90 (Hsp90) chaperone functions as a protein-folding buffer and plays a unique role promoting the evolution of new heritable traits. To investigate the role of Hsp90 in modulating protein synthesis, we screened more than 1200 proteins involved in mRNA regulation for physical interactions with Hsp90 in human cells. Among the top hits was CPEB2, which strongly binds Hsp90 via its prion domain, reminiscent of the prion-like regulation of translation of Aplysia CPEB. In a yeast model of CPEB prion-dependent translation regulation, transient inhibition of Hsp90 amplified CPEB2 prion activity and resulted in persistent translation of the CPEB reporter. Remarkably, inhibition of Hsp90 was sufficient to induce a heritable change in protein translation that persisted for 30 generations, even in the absence of exogenous CPEB. Although we identified a variety of perturbations that enhanced translation of the reporter, only Hsp90 inhibition led to persistent activation. Thus, transient loss of Hsp90 function leads to the non-genetic inheritance of a novel translational state. We propose that, in addition to sculpting the conformational landscape of the proteome, Hsp90 promotes phenotypic variation by modulating protein synthesis.
Introduction:
Across evolution many of the molecular pathways underlying complex multicellular processes such as development and neuronal synapse formation evolved from basic environmental signaling circuits in unicellular organisms like yeast [1, 2] . The regulation of protein translation is a key hub that integrates extracellular signals into a cellular response [3, 4] . Indeed, the requirement for specific translation regulating factors to integrate environmental cues and induce specific mRNA translation is critical in development, stress response and neuronal function [4, 5] , and also for the survival of single-celled organisms.
The members of the cytoplasmic polyadenylating element binding (CPEB) family of RNA-binding proteins act as regulators of development [6, 7] and synaptic protein synthesis [8, 9] , aiding in synaptic remodeling and the persistence of behavioral memories [10, 11] . The CPEB homologs can be divided into two evolutionarily conserved groups. The first group includes human CPEB1 and its orthologs from Xenopus and Drosophila (Orb1) [12] . The second group includes human CPEB2-4, the neuronal Aplysia CPEB and the Drosophila ortholog, Orb2, all of which have been shown to regulate synaptic function. This group of CPEBs possess a glutamine-rich N-terminal domain thought to comprise a functional prion domain (PrD). The ability of neuronal CPEBs to activate translation in response to synaptic activity depends largely on the prion domain [9, [13] [14] [15] [16] [17] [18] [19] ; in the aggregated prion form, the neuronal CPEB is active. In the soluble form, it is dormant [13, 19] . The prion properties of Aplysia neuronal CPEB were initially described in the context of the yeast model using a CPEB translation reporter as a read-out of activity [13] . When expressed in yeast, Aplysia CPEB maintains its function as a translational regulator and employs a prion mechanism to create stable, finely tuned, and self-perpetuating activity states controlling translation [13, 20] . While the prion-based activation of CPEB is evolutionarily conserved, little is known concerning the mechanism that induces CPEB structural switching.
In fungi, the chaperone machinery largely regulates protein folding and prion switching. Transient alteration in the chaperone machinery function can induce prion protein conformational switching, and this conformation persists for many generations [21] [22] [23] . The bestcharacterized regulator of prion switching in fungi is the Hsp104 chaperone. Transient perturbation of Hsp104 chaperone function either by the introduction of chemical or genetic Hsp104 inhibitors or by overexpression of the wild-type Hsp104 has been demonstrated to regulate the conformational switching of different prions and induce a heritable epigenetic trait [21] [22] [23] . Despite its critical role in protein folding homeostasis in fungi, Hsp104 has no known metazoan ortholog, suggesting that other chaperones have subsumed its function. For example, the chaperone Hsp70 also mediates some prion switching events in fungi [24] [25] [26] and is conserved in metazoans. Another highly abundant chaperone is Hsp90, which is evolutionarily conserved from bacteria to mammals. The role of Hsp90 in the cell extends far beyond the maintenance of protein homeostasis. For example, the ability of Hsp90 to bind a repertoire of metastable protein clients also enables Hsp90 to facilitate the evolution of diverse new biological phenotypes in different organisms [27] [28] [29] . Recent evidence suggests that the Hsp90 chaperone plays a role in prion switching as well [30] [31] [32] .
In this work, using a proteomic approach, we reveal that the Hsp90 chaperone is a regulator of persistent CPEB translation activation. We then used a reporter of CPEB translational activation in yeast [13, 20] to elucidate an endogenous yeast mechanism through which transient Hsp90 suppression induces mRNA translation that persists for many generations. This work demonstrates that Hsp90 can regulate inheritance of a particular state of translational activity, elucidating an additional dimension to the role of Hsp90 as a major regulator of phenotypic diversity.
Results

Exploring the interactions of translation regulating proteins with the Hsp90 chaperone
We set out to explore how HSP90 regulates translation by characterizing the protein:protein interaction between HSP90 and a large library consisting of more than 1200 proteins that were shown to regulate translation or were associated with translation regulating processes based on Pfam nucleotide binding domains and previous experimental characterization [33, 34] (sup table 1 ). To quantify their interaction with Hsp90, we used LUMIER (luminescence-based mammalian interactome mapping) [35] (Fig 1A) . In this assay, each protein from the library (bait) was Flagtagged and overexpressed in HEK293T cells stably over-expressing HSP90 fused to Renilla luciferase. Following immunoprecipitation of the flag epitope, the protein-protein interaction was determined by the intensity of luminescence ( Figure 1A ). The distribution of interaction strength across all 1247 proteins (some with multiple isoforms) examined revealed that translation-related proteins bound HSP90 rather infrequently, less overall than previously described for transcription factors [35] ( Figure  1B ). We re-sequenced the plasmids encoding the proteins interacting with HSP90 and validated the Hsp90 interaction for these proteins. The HSP90 interacting proteins can be categorized as mRNA-binding, tRNA, rRNA and ribosomal biogenesis as well as other miscellaneous proteins ( Figure 1C ).
Interestingly, two CPE element binding proteins, CPEB1 and CPEB2, were among the strong Hsp90-binding proteins. We validated the interaction of both CPEB1 and CPEB2 with Hsp90 by performing a direct immunoprecipitation assay (Fig 1D, S1 ). The binding of CPEB2 to Hsp90 was dependent on its predicted prion domain as CPEB2 lacking the N-terminal region containing the prion domain (ΔNCPEB2) lost the ability to interact with HSP90. Although other CPEB family members have well-categorized interacting proteins, fewer binding partners have been described for human CPEB2. We therefore adopted a proteomic approach and examined the protein interaction landscape of CPEB2 in human cells. Full-length CPEB2 and CPEB2 lacking the PrD (ΔNCPEB2) were expressed in HEK293T cells and lysates immunoprecipitated with anti-flag. Coprecipitating interactors were assessed by mass spectrometry (Fig 1E Sup table 2) . Four major functional categories of CPEB2 interacting proteins were revealed: chaperones, mitochondrial proteins, cell structure proteins and mRNA processing proteins (Fig 1E) . Consistent with our immunoblot assay, the mass spectrometry results show that the Hsp90 interaction depends on the CPEB2 PrD (Fig 1E,  PrD-dependent interactions in red) . Indeed, the Hsp90-CPEB2 interaction shows the highest dependence on the PrD, but is not the only protein with this characteristic (Sup table 2) . Thus, CPEB2 strongly binds Hsp90 in a PrDdependent manner.
Prion-like characteristics of the human CPEB2 protein
We determined whether human CPEB proteins had prion-like properties when expressed in yeast. The four human CPEB paralogs all harbor homologous RNA-recognition motifs (RRMs) but possess distinct N-terminal regions ( Fig. 2A) . Overexpression of CPEB1, CPEB2 and CPEB3 was toxic to yeast cells (Fig.  2B) . Curiously, this was not due to the prion domain; indeed, removal of the CPEB2 PrD increased CPEB2 overexpression toxicity (Fig.  2C ). However, this trend was reversed when the PrD was deleted from CPEB3 and the homologous deletion had little effect on the toxicity of CPEB4, suggesting unique functions and/or interactions for each PrD within each CPEB paralog (Fig. 2C) .
To examine the ability of the CPEB2 PrD to maintain a distinct heritable structural state, we exploited the modular nature of prion domains and the well-characterized [PSI + ] phenotype in yeast. The prion domain of the Sup35 protein can be replaced by a prion domain of interest, producing a protein chimera that can form heritable phenotypes as does the wild type [PSI + ]. The prion properties of such a chimera (PrD-Sup35C) can be visualized in yeast strains harboring an ade1 nonsense allele. In the nonprion state these cells form red colonies and cannot grow on media lacking adenine. In the prion state, the chimeric protein aggregates and sequesters the Sup35 C-terminal translation termination activity, resulting in a read-through of the pre-mature stop codon of the ade1-14 allele, which leads to production of a functional Ade1 (nonsense suppression). In this [PRION+] state, the cells can grow in the absence of adenine and produce white colonies (Fig. 2D) [21] .
To test the prion properties of the human CPEB2 protein, we overexpressed the CPEB2 PrD-SUP35C chimeric protein in cells lacking endogenous Sup35. In this isogenic background, the PrDCPEB2-Sup35C cells acquired two distinct, heritable states: exhibition of differential pigment accumulation when grown on rich media and growth on media lacking adenine (Fig. 2E,  S2A ). Furthermore, CPEB2 overexpressed in human cells exhibits SDS-resistant aggregation that is dependent on its prion domain (Fig. S2C) . Thus, human CPEB2 exhibits many of the prion like characteristics previously described for the Aplysia CPEB [9, 13, 15, 20, 36] . The CPEB3 PrD exhibited prion properties similar to those of CPEB2 ( Fig. S2A-B) .
The hallmark of a prion phenotype is the ability to self-template and persist over many generations. In the context of prion-like proteins, their transient overexpression should be sufficient to induce a persistent phenotype [37] . The Aplysia neuronal CPEB, when expressed in yeast, can induce persistent activation of a translation reporter depending on its structural state [13] . The translation reporter has a cytoplasmic polyadenylation element (CPE) in its 3′ UTR, which mediates increased β -gal (β-galactosidase) translation in response to CPEB binding [8, 15] . In the soluble state, CPEB is inactive, whereas in the prion aggregated form, CPEB induces activation of the translation reporter [13, 20] . We therefore examined the ability of the different CPEBs to induce persistent translation activation of the CPEB translation reporter upon transient overexpression in yeast. Expression of the CPEB proteins was induced for 6 hours and then the induction was switched off. The relative translation activation was measured after cells were grown for ~ 7 generations in the absence of CPEB production (Fig. 2F ). Transient overexpression of human CPEB2 in yeast had the strongest persistent activation of the CPEB translation reporter (Fig. 2G ).
Transient Hsp90 inhibition induces persistent translation activation
The strong interaction of CPEB2 with Hsp90 prompted us to explore whether perturbation of Hsp90 activity could alter the prion-like CPEB-mediated translation regulation in yeast. We explored if transient Hsp90 inhibition would induce the prion-like properties of CPEB2 and promote a persistent increase in translation of the reporter even when the Hsp90 inhibitor is absent. Cells overexpressing CPEB2 were grown in the presence or absence of the Hsp90 inhibitor (radicicol) for 10 generations and then grown on media free of Hsp90 inhibitors. Transient inhibition of Hsp90 was sufficient to induce a persistent effect on CPEB2-mediated β -gal translation when cells were grown in liquid media (Fig. 3A) and on solid media (Fig. 3B) . Thus, suppression of Hsp90 activity augments the CPEB2-mediated translation activation in a self-sustaining manner.
Endogenous activation of the CPEB translation reporter in yeast in the absence of exogenous CPEB Strikingly, transient Hsp90 inhibition had a significant effect on the persistent translation of the CPEB translation reporter even in the absence of exogenous CPEB (Fig. 4A) . Although in the absence of exogenous CPEB the activation of the translation reporter was lower it still exhibited persistent high activity upon transient Hsp90 inhibition. This suggests the existence of an endogenous yeast mechanism that is affected by Hsp90 and regulated in a fashion similar to the regulation of exogenous CPEB. Suppression of Hsp90 activity for ten generations induced a persistent translation output in cells that was observable after growth on solid media without Hsp90 inhibitor for approximately 15 generations, as indicated after replica-plating onto x-gal plates (Fig 4B) . Thus, even in the absence of exogenous CPEB, inhibition of Hsp90 induced a persistent translation output in cultures grown in either liquid or on plates.
We next explored the effect on the mRNA levels of the CPEB translation reporter (β-gal) upon treatment with an Hsp90 inhibitor and the persistent effect of this exposure ("memory state") compared to control. To do so, we initially performed quantitative PCR on the β -gal openreading frame on both total RNA and the poly-A selected fraction. In both cases, no significant changes in mRNA levels were observed under any of the conditions (Fig 4C-D) . We then performed polysomal fractionation followed by specific probing of the CPEB reporter ( Figure 4E-F) . In the memory state, β -gal mRNA shifted to the heavier polysomal fractions (Fig 4F) , indicating greater translational throughput. Thus, the β -gal expression induced following transient Hsp90 inhibition is, indeed, due to increased translation with no detectable increase in the levels of β -gal mRNA. In the process of these experiments, it came to our attention that the CPEB translation reporter used in the original report [13] included a predicted stem-loop structure in the 5′UTR that repressed its translation (LacZ-CPE). This structure was absent in the control reporter used in the same study (SYM-CAM) (Fig. S3A-F) [13] . To rule out the possibility that this stem loop might contribute to the CPEB-mediated translational activation, we made several adjustments to the original CPEB reporter. First, we removed the stem loop to eliminate the 5′UTR suppression. Second, we replaced the strong constitutive promoter with a weaker constitutive promoter (TDH3 promoter to SUP35 promoter) to decrease the level of transcription. Third, we replaced the long CPE-containing 3′UTR (Fig.  S3A ) with a short CPE element taken from the ADH1 3′UTR from C.albicans. Transient Hsp90 suppression was effective in inducing the persistent activation of β -gal in both the original and modified versions of the CPEB translation reporters ( Fig. S3D-H) . Thus, the induction of β -gal translation is not affected by altering promoters, or translation initiation inhibition in the form of a stem loop in the 5′UTR, suggesting that the regulation indeed arises from the 3′UTR.
Translation activation induced by transient Hsp90 inhibition is reversible
In yeast, prion conformational switching is a rare event and has a low frequency of spontaneous reversion [38] . Reasoning that the activation of the CPEB translation reporter would also show trans-generational persistence, we tracked the persistence of reporter translation induction by transient Hsp90 inhibition to determine its reversibility. We treated cells with an Hsp90 inhibitor or DMSO as a control, grew out single colonies from both groups in the absence of the Hsp90 inhibitor and quantified the levels of the translation reporter for a span of almost 40 generations (schematic representation in Fig. 5A ). Persistent activation of translation was significant after 20 generations and then gradually declined. Persistent activation remained significant for up to 30 generations, but not after 40 generations (Fig. 5B-C) . Exploring the distribution of single colonies (Fig. 5C ) further emphasized that the induction of translation and persistence were not uniform across clones despite all having been derived from a single clone prior to Hsp90 inhibition. The loss of translational memory after 40 generations indicates that this phenomenon is distinct from canonical prions as these would be expected to persist indefinitely in the lineage of most activated cells.
Aggregation of the 3′UTR-processing protein Hrp1 induces the CPEB translation reporter
Based on our finding that transient Hsp90 inhibition results in persistent activation of the CPEB translation reporter, we hypothesized that other modifications of protein homeostasis might elicit translational activation. Hrp1, a component of the 3′UTR-processing complex, was previously suggested to be the functional CPEB homolog in yeast [20] . Like CPEB, Hrp1 contains PrD and RRM domains and was recently shown to be highly aggregation prone [39] . To determine whether induced aggregation of Hrp1 promoted activation of the CPEB translation reporter, we assessed the effect of expressing an aggregation-prone mutant of Hrp1 [40] ). Indeed, overexpression of the Hrp1 PYmutant resulted in detectable aggregates (Fig.  S4A) . We further introduced the Hrp1 PY-mutant into the yTRAP (yeast transcriptional reporting of aggregating proteins) reporter system [39] (Fig.  6A ). As expected, the expression of wt Hrp1 resulted in increased fluorescence compared to the PY-mutant (Fig. 6B) , which in the yTRAP system indicates that the wt protein has greater solubility. This change in yTRAP signal was not due to decreased levels of the protein (Fig. S4B) . Next, we introduced the CPEB translation reporter into the Hrp1 yTRAP strains to simultaneously monitor the Hrp1 aggregation state and the levels of translation. Under these conditions, the strains expressing wt Hrp1 exhibited a basal level of translation reporter activity, while the strains expressing the mutant aggregated form of Hrp1 exhibited heightened translational output as indicated by increased β -gal activity (Fig. 6C) . These results suggest that the aggregation of a component in the 3′UTR processing machinery can mediate the induction of translation of the CPEB reporter.
Perturbation of vacuole signaling induces the CPEB translation reporter but does not lead to translation memory A more detailed time course analysis of translation reporter activation following Hsp90 inhibition revealed that activation peaked during the beginning of an alteration in growth rate associated with the yeast diauxic shift (Fig. 7A) . Surprisingly, after removal of the Hsp90 inhibitor, this synchronous translation activation persisted, suggesting that both the original induction of translation and the persistent induction of translation depend on a specific cell state (Fig. 7A, bottom) . One characteristic of the diauxic shift is that, during this time, the vacuole is the source of much of the nutrient signaling [41, 42] . To explore whether vacuolar signaling is involved in regulating the CPEB translation reporter, we genetically deleted various components of vacuolar pumps and measured the effects on translation output (Fig. 7B) . Interestingly, genetic suppression of Vma1, a critical component of the V-ATPase complex, increased translation of the CPEB reporter (Fig. 7B ). Hsp90 inhibition did not induce apparent Vma1 aggregation or mislocalization ( Fig. S5A-C ) but rather resulted in reduced protein levels of Vma1 (Fig. S5C) . Deletion of other components of the V-ATPase complex also induced the translation reporter, suggesting that the effect on translation is not specifically due to regulation of Vma1 but rather due to impairment in V-ATPAse functionality (Fig.  S5D ). Further examination of organelle morphology following Hsp90 inhibition revealed some mitochondrial structure abnormalities (Fig.  S5E) , suggesting that translation activation induced by Hsp90 inhibition might involve the vacuolar-mitochondrial axis.
The V-ATPase function of acidifying the vacuole can affect a large subset of vacuole functions. For instance, many vacuolar pumps depend on the proton gradient generated by the V-ATPase complex. To identify signaling components downstream of Vma1, we overexpressed specific vacuolar pumps in the background of the Vma1 deletion to determine if any would reverse the β -gal activation observed in that strain. Overexpression of the vacuolar iron/copper transporter Fet5 completely eliminated the Vma1 deletion-induced β -gal activation (Fig. 7C ). Fet5 is a multi-copper oxidase that plays a role in iron transport [43] and recently was shown to regulate iron recycling during diauxic shift [44] . Culturing cells in media depleted of iron and copper was sufficient to increase the expression of β -gal from the CPEB translation reporter and the effect was additive to radicicol activation (Fig. S5F) . Thus, signals associated with iron homeostasis that arise from the vacuole and are potentially mediated by Fet5 affect the translation of the β -gal CPE-reporter. If Hsp90 inhibition induces the persistent translation of the CPEB reporter solely through Vma1 suppression, we would expect a similar outcome with transient suppression of the VATPase complex.
Indeed, the V-ATPase inhibitor Concanamycin A (ConcA), like the Hsp90 inhibitor, induced activation of the translation reporter (Fig. 7D ). However, persistent translation activation was only achieved with Hsp90 suppression (Fig. 7D) . Thus, Hsp90 inhibition is specific and unique in inducing and promoting a heritable change in protein translation.
Discussion
In this work, we establish an intriguing phenomenon of Hsp90-regulated, nongenetically inherited translation memory. We first established a strong link between the human CPE element binding protein 2 (CPEB2) translation regulation and the Hsp90 chaperone by surveying the protein-protein interactions of HSP90 with a large library of RNA-binding proteins. We discovered a strong protein-protein interaction between CPEB2 and HSP90 that is mediated by the prion-like domain of CPEB2. The functionality of this protein-protein interaction is revealed upon Hsp90 inhibition: even transient suppression of Hsp90 is sufficient to induce the activation of the CPEB translation reporter in the yeast model. This translation activation is persistent and gradually declines over 40 generations. Moreover, transient suppression of Hsp90 induces the persistent translation activation of the CPEB translation reporter even in the absence of exogenous CPEB overexpression, suggesting yeast possess an endogenous CPEB-like molecule that mediates translational memory. Although other perturbations, including iron-copper depletion and V-ATPase deletions, can affect the translational reporter, Hsp90 inhibition was the only identified stimulus that triggered persistent activation over many generations of growth. Thus, another Hsp90 interactor likely acts like CPEB2 to induce the translation of mRNAs.
The evolutionarily conserved family of CPEB proteins can be subdivided by the presence or absence of a prion domain. In Aplysia, Drosophila and mice, the prion domain has distinct functions in promoting CPEB activity [9, [13] [14] [15] [16] [17] [18] 36] . In humans, there are four homologs of CPEB; three (CPEB2-4) contain a predicted prion-like domain and one does not (CPEB1). Using the translation assay originally designed to characterize the prion properties of the Aplysia CPEB [13], we show that the expression of human CPEB2 yields the strongest heritable activation of translation. The prion domains of both CPEB2 and CPEB3 enable prion-like inheritance. However, the function of these domains seems to be specific and unique in the context of the whole protein as its absence increases the toxicity of CPEB2 but reduces the toxicity of CPEB3. Moreover, our proteomic analysis revealed that the PrD of CPEB2 is crucial for mediating specific protein-protein interactions, including interactions with the chaperone Hsp90, proteins involved in mRNA translation regulation, tubulin and mitochondrial translocation proteins (TIM8 and TIM13). Interestingly, CPEB3 protein-protein interaction fall largely within the same functional interaction as for CPEB2 however different PrD-dependent protein-protein interaction was observed for CPEB3.
The strong interaction between the PrD of CPEB and Hsp90, along with the profound induction of the translational memory upon Hsp90 inhibition suggests that Hsp90 is a key mediator of the prion-like phenotypes of CPEB. CPEB2 overexpression was sufficient to promote the activation of translation as previously shown for the Aplysia CPEB [13] . However, the Hsp90 inhibition further enhanced this activation of translation in a heritable fashion. The surprising finding is that suppression of Hsp90, even in the absence of exogenous CPEB, can induce a persistent and inherited translation phenotype in yeast. Although this activation is lower in magnitude than the one observed in the presence of CPEB, it is nevertheless sufficient to promote a heritable translation phenotype that declines gradually over 40 generations.
We believe these data are best explained by the existence of an endogenous yeast RNAbinding protein with prion-like properties with similar structure-function characteristics as described for the CPEB proteins [16] [17] [18] [19] [20] 45] , and for simplicity will be termed [CPEB] [21, [46] [47] [48] .
In some cases, as shown for Whi3 and Rim4, aggregation is an integral part of their biological function [45, 49, 50] . Supporting the possibility that the [CPEB] prion phenotype is mediated by a protein-based mechanism mediated by an RNA-binding protein.
In our model, upon transient Hsp90 suppression, the endogenous yeast prion transitions from the [cpeb] translation inactive state to the
[CPEB] prion state that selftemplates additional functional aggregates resulting in persistent translation activation of specific mRNAs. This prion-like phenomenon replicates enough to provide 30 generations of phenotypic consequences without the exponential dilution that would occur for nonprion assemblies. However, ultimately this prionlike state is not stable and through either its own instability or the action of Hsp90, is eliminated after additional generations. The [CPEB] prion activity following Hsp90 inhibition peaks at the diauxic shift and is also strongly affected by the V-ATPase and iron-copper signaling. This might suggest that the induction of the [CPEB] prion protein expression or stabilization (or posttranslational modification) is achieved at the diauxic shift stage and is regulated by lysosomal signaling. Perturbing this regulation alters the activation of the CPEB translation reporter but does not result in heritable [CPEB] prion state with persistent translation activity as observed in the case of Hsp90 suppression (Fig. 8) . Thus, Hsp90 inhibition is unique in promoting the [CPEB] prion persistent translation activation revealing yet another mechanism through which this powerful chaperone enhances phenotypic variation.
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[ CPEBs under the control of the Gal promoter and tagged with mKate were introduced into the W303 alpha GEM strain. These yeast were then mated to a W303 strain expressing the CPEB β-gal translation reporter. The overexpression of CPEBs was achieved by incubating the cells ON in raffinose and then diluting them to an OD of 0.1 in 2% galactose. After 6 hours, the cells were diluted 1:100 into glucose-containing media and grown overnight (~ 7 generations). The OD600 and β-gal activities were then measured (G). The mean and SD of activity is presented, unpaired t-test was used for statistical analysis. (A) Cells were grown overnight in media with or without 5uM radicicol. The cells were then diluted 1:1000 and grown for an additional 24 hours in media free of Hsp90 inhibitors to assess the persistent effect of transient Hsp90 inhibition on translation as measured by β-gal activity. The mean and SD of activity is presented, unpaired t-test was used for statistical analysis. **** p<0.0001 (B) CPEB2-overexpressing cells that harbor the CPEB translation reporter were treated with 10uM radicicol overnight and then plated on plates lacking radicicol. Cells were further replica plated on x-gal-containing plates to visualize the β-gal activity. Cells harboring the translation reporter but without CPEB2 overexpression were used as a control. (A-C) Cells were grown in the presence or absence of 10uM radicicol and then plated on plates devoid of the Hsp90 inhibitor. 48 individual colonies were picked and β-gal activity assessed after overnight growth (i). β-gal activity was further measured after dilution (1:1000) and an additional 24-hour growth period (ii), and again after sequential dilution (1:1000) and another 24-hour growth period (iii). Paired t-tests were conducted for statistical analysis. The schematic representation of the experiment (A), the median +-SD of the β-gal activity (B) and the overall frequency distribution of the individual colonies examined (C) are presented for the different time points. *** p<0.001. HSPA1A  HSPA8  HSPA6  HSPD1  HSPA5   SLC25A13  LONP1  SLC25A5  SLC25A12  LRPPRC   TUBB  TUBB4B  TUBA3C  ACTNB  TUBB4A  TUBB6  LMNB1   HNRNPU  DDX21  HNRNPM  DHX9  HNRNPA2B1  DDX3X A.
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